An L-cell line adapted to grow in proteinfree medium is a source of material that stimulates the proliferation of serum-dependent BHK cells under otherwise protein-free conditions. The material produced by the L-cells is resolvable into separate DNA-synthetic and mitotic stimulatory activities. The stimulation of mitosis is dependent upon the presence of one or more heat-labile macromolecules, which can be concentrated by ultrafiltration, and at least one dialyzable component is essential for the initiation of DNA synthesis.
It is generally necessary to add serum to otherwise apparently complete growth media to obtain active proliferation of unadapted cells in culture (1, 2). The nature of this serum requirement might thus reveal a class of controls within the cell through which proliferation is regulated by environmental signals (1, 3, 4) . Further, there is reason to believe that serum itself is not a fortuitous adjunct required for growth in vitro, but rather that metazoan cells have been selected for the ability to respond to this fluctuating macromolecular environment within the organism (3, 5, 6) .
Direct attempts to identify the growth-stimulating components of serum by fractionation have proved to be extremely complex and arduous, although progress has been made (8) (9) (10) (11) (12) . The chief difficulties thus far have been both in the definition of proper assay systems and in the biochemical complexities of serum (13, 14) . Here I present the results of an attempt to develop an alternative system for probing the cellular controls regulating progression through the cell cycle. This has used cells adapted to grow in protein-free medium as a source of substances which, when added to cultures of serum-dependent cells in pIroteini-free media bring about the proliferation of these u tl dapted cells.
In the experiments described, L-cells adapted by Dr. Peter Riddle to grow in defined medium without macromolecular supplements have been used. These Growth of BHK cells in medium conditioned by LX cells. LX cells were grown to high densities in unsupplemented Waymouth's medium over a 7-day period, at which time the medium was collected, centrifuged at 3000 rpm for 1 hr and the supernatant was collected and stored at 40-this is LXCM (i.e., LX conditioned medium). BHK assay cells were seeded at 2 X 106 cells per 5-cm dish in Eagle's medium (E4) supplemented with 0.5% calf serum. These cultures were then incubated for 72 hr at which time the medium was changed on these now quiescent cultures to fresh E4 plus Waymouth's medium 1:1 ("O" on abscissa) or to E4 plus varying amounts of LXCM as indicated.
Each dish received 3.5 ml of medium total and two dishes were fixed at the time of the medium change (T = 0). Following a further 68 hr of incubation, the remaining dishes were fixed with Bouin's solution, all dishes were stained with Harris' hematoxylin and cell number and mitoses were determined microscopically. stained with Harris' hematoxylin for countiiig. The Fig. 1 .
If the amount of LXCI\I is held at 70% (with the control in this case being 70% fresh Waymouth medium plus 30% fresh E4), the onset of mitosis is found to occur at about 20 hr after change to LXCM (see Fig. 2 ).
Since quiescent BHK synthesize very little DNA, it is also possible to assay LXCM for the ability to initiate DNA synthesis. The assay, based upon that developed by Clarke et al. (16) , involves autoradiographic scoring of the incorl)oration of [3H] dT into nuclei during a 20-hr period after medium change. LXCM is seen (Fig. 3) to stimulate the entrance into DNA synthesis, and again there is a good dose-responise correlation with the amount of LXCM added.
The effect of various treatments on the ability of LXC1\I to stimulate complete proliferation of BHK cells is analyzed in Table 1 . Inactivation by heat and freeze-thawing suggests the participation of a high molecular weight material iii bringing about the mitosis of BHK assay cells, but the loss of activity upon dialysis indicates that a low molecular weight species is also involved. The failure to detect mitotic stimulation in any individual fraction from a Sephadex G-100 column is commensurate with this analysis.
If heating LXCM inactivates a different function than that lost by dialysis, and if both functions are required for the overall growth effect on BHK, then combining dialyzed anid heated LXCM should restore the complete growth effect. This is shown in Table 2 . Either dialysis or heating of LXCM removes most of its capacity to stimulate and maintain l)roliferation. However, when the two inactive conditioned media are combined, full activity is restored. The recombined LXCM probably has greater apparent activity than does the original LXCM because there is no need to dilute this with fresh E4, which is already present in the dialyzed LXCM. Further, as can be seen in the last column of Table 2 , it is possible to correlate a dialyzable, heat-stable component with the initiation of DNA synthesis. Whether or not this dialyzable component acts in conjunction with a heat-stable macromolecular constituent of LXCM cannot be determined from the present experiments. However, combining the dialyzable and heat-stable components with the heat-labile macromolecular fraction of LXCM does result in the movement of the cell through complete rounds of mitosis (Table 2) . While the complementation of the two components in engendering proliferation and the independent action of the component In this way 90 ml of LXCM was reduced to 9 ml in 15 hr, the concentrate then dialyzed against E4 and varying amounts of this dialyzed LXCM concentrate then added to 1 ml of LXCM (in order to supply the dialyzable material) and then brought up to 3.5 ml with fresh E4. Four dishes for each concentration were prepared, and 67 hr after the medium change, duplicate dishes for each dilution were fixed and stained for mitotic counts, while the remaining two dishes for each point were trypsinized (trypsin: versene, 1: 1) and counted on the Coulter model B. The results are given in Fig. 4a. Fig. 4b illustrates the assay of a high level of dialyzed, concentrated LXCM.
Dialyzed LXCMI concentrate alone has no appreciable effect on proliferation (as cell-number increase over the T = 0 level) or mitosis of BHK cells, but again must be complemented with a "background" LXCM for a complete proliferative effect (Fig. 5) . A separate assay for stimulation of [3H]dT incorporation gave a response of 2.5-3.5% labeled nuclei (i.e., no significant response) over the range of dialyzed concentrate shown in Fig. 5 (17, (22) (23) (24) (25) (26) . One class of low-molecular weight compounds that have been correlated with growth regulatory phenomena are the polyamines (27) (28) (29) (30) , although putrescine, spermine, and spermidine have all proven to be inactive under our assay conditions.
Since heated LXCM initiates DNA synthesis but is insufficient to sustain mitoses to 44 hr, it seems that commitment to S-phase in this case is not also a commitment to divide (22, 25, 26, 31) . Experiments are currently underway to see if it is thus possible to obtain a stable G2 population of BHK cells. While a small degree of leakiness may occur in the growth response to dialyzed LXCM (more apparent in Table 2 than in Fig. 5 ), this may be due to an intrinsic leakiness in the shutting off of DNA synthesis by BHK cells in the absence of serum. This residual low amount of DNA synthesis may be enough to permit a low expression of heatlabile component activity when it is added to the cultures. The analysis of these growth responses is currently being extended to other cell systems and emphasis is being placed on the identification of changes in such responses in the respective transformed-cell derivatives.
